
INTEGRATIVE ANALYSES OF SIGNALING AND DNA DAMAGE REPAIR PATHWAYS IN PATIENT-DERIVED XENOGRAFT (PDX) MODELS FROM 
NCI’S PATIENT-DERIVED MODELS REPOSITORY (PDMR)

Biswajit Das1, Yvonne A. Evrard1, Li Chen1, Rajesh Patidar1, Tomas Vilimas1, Justine N McCutcheon1, Amanda Peach1,  Nikitha Nair1, Shahanawaz Jiwani1, Suzanne Borgel2, John Carter2, Raymond Divelbiss2, Marianne Radzyminski2, Jesse Stottlemyer2, 
Vivekananda Dutta1, Erin Cantu1, Gloryvee Rivera1, Lyndsay Dutko1, Kelly Benauer1, Vishu R Kannan1, Brandie Fullmer1, Robin Harrington1, Anna L.  Fong1, Thomas Forbes1, Carrie Bonomi2, Donna Coakley2, Emily Delaney2, Kelly Dougherty2, Marion Gibson2, 

Candace Mallow2, Chelsea McGlynn2, T. Miner2, Malorie Morris2, Michael. Mullendore2, Nicole Craig2, Howard Stotler2, Savanna Styers2, Debbie Trail2, Thomas Walsh2, Linda Blumenauer4, Tara Grinnage-Pulley4, Michelle Ahalt4, Sergio Alcoser4, Zhenlin Ju3, Rehan
Akbani3, Melinda G. Hollingshead4, Chris A. Karlovich1, P. Mickey Williams1, James H. Doroshow5

1Molecular Characterization Laboratory, Frederick National Laboratory for Cancer Research, Leidos Biomedical Research Inc., Frederick, MD, 2Frederick National Laboratory for Cancer Research, Leidos Biomedical Research Inc., Frederick, MD, 3Department of Bioinformatics and 
Computational Biology, UT MD Anderson Cancer Center, Houston, TX 77030, 4Biological Testing Branch, Developmental Therapeutics Program, National Cancer Institute at Frederick, Frederick, MD and 5National Cancer Institute, Division of Cancer Treatment and Diagnosis, Bethesda, MD

ABSTRACT
Background: Patient-derived xenografts (PDXs) are increasingly being used in translational cancer research for preclinical 
drug efficacy studies. The National Cancer Institute (NCI) has developed a Patient-Derived Models Repository (NCI 
PDMR; pdmr.cancer.gov) of PDXs with clinical annotation, proteomics, and comprehensive genomic datasets to facilitate 
these studies. Here, we present an integrative genomic, transcriptomic, and proteomic analysis of critical signaling and 
DNA damage repair pathways in these PDX models, which represent 9 common and multiple rare tumor histologies.  

Methods: 346 PDX models from 333 patients were established from various solid tumor histologies from patients with 
primary or metastatic cancer. Whole Exome Sequencing, RNA-Seq and Reverse Phase Protein Array (RPPA) were 
performed on 2-9 PDXs per model across multiple passages. An integrative workflow was applied on multiple data sets 
to detect pathway activation.

Results: We profiled 5 signaling and 5 DNA repair pathways in the PDMR dataset. We observed that: (i) a large fraction 
(56%) of PDX models have at least 1 targetable mutation in the RTK/RAS and/or PIK3CA pathways; (ii) 131 models (45%) 
have putative driver and oncogenic mutations and copy number variants (CNVs) in the WNT, TGFb, NOTCH pathways. In 
addition, 11% of PDX models have targetable mutations in DNA damage repair pathways and 20 PDMR models have a 
DNA mismatch repair defect (MSI-H). We confirmed activation of the signaling pathways in a subset of PDX models by 
pathway enrichment analysis on gene expression data from RNASeq and phosphoprotein-specific antibody binding data 
from RPPA. Activation of DNA repair processes was confirmed by enrichment of relevant mutational signatures and loss 
of heterozygosity in these PDX models.

Conclusions: Genomic analysis of NCI PDMR models revealed that a large fraction have clinically relevant somatic 
alterations in key signaling and DNA damage repair pathways. Further integrative analyses with matched transcriptomic 
and proteomic profiles confirmed pathway activation in a subset of these models, which may prioritize them for 
preclinical drug studies.

ONCOGENIC AND TARGETABLE ALTERATIONS IN RTK AND PIK3CA PATHWAYS IN 
PDX MODELS

RESULTS

NCI PATIENT-DERIVED MODELS REPOSITORY DATASETS

Genomic and Proteomic Datasets:
Whole Exome: 

v Raw FASTQ files
v VCF files (from our GATK pipeline)

v Both somatic and mixed
v Variant calls from a selected set of 61 

cancer-related genes
v Ethnicity determination from WES 

data using SNPweights

Whole transcriptome (RNASeq): 
v Raw FASTQ files
v Gene expression data (RSEM pipeline)
v Transcript expression data (RSEM 

pipeline)

v Clinical annotation of donors
v Limited clinical history including 

previous treatment regimens
v Donor demographics including self-

declared ethnicity, smoking history
v STR profile
v Histo-pathological annotations and 

images of individual PDX specimens

Clinical and Histo-Pathological 
datasets:

pdmr.cancer.gov
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PUTATIVE ACTIONABILITY IN PDMR MODELS FOR A SELECTED SET OF AGENTS

SUMMARY

v We have performed integrative analysis of signaling pathways in PDMR models using mutation, gene 
expression and proteomic datasets

v Gene expression and proteomic datasets allowed us to investigate downstream effects of signaling 
pathways

v PDX models in NCI PDMR exhibited activity in multiple signaling and DNA damage repair pathways

v Additional datasets generated from the PDMR models (e.g., mutational signatures, somatic tumor 
mutational burden, MSI status etc.) may be used to identify underlying biological processes and can 
be used for prioritizing preclinical study agents

v We have described therapeutically actionable biomarkers present in the genomically characterized 
PDX models

v This data suggest using PDMR models will be valuable for preclinical drug combination studies
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ONCOGENIC AND TARGETABLE ALTERATIONS IN WNT/b-CATENIN AND SONIC 
HEDGEHOG PATHWAY IN PDX MODELS

v 65% of the PDMR models have at least one oncogenic alteration in RTK and PI3K pathways
v 56% the PDMR models have at least one targetable alteration in RTK and PI3K pathways

Signaling Pathways Profile shown:

v RTK (Receptor Tyrosine Kinases)
v PI3K (PI3KCA/AKT)
v MEK/ERK kinase
v WNT/b-catenin
v Hedgehog
v DNA Damage Repair

Reverse Phase Protein Array (RPPA):
v 245 antibodies (65 phospho-specific)
v z-score of a subset of specimens 

v Activity of PIK3, MTOR/TSC and RAS/MAPK pathways were determined by pathway scores calculated from 
RPPA data 

v Activation of downstream signaling pathways were observed in some PDX models with oncogenic 
alterations in RTK and PI3K pathways

v PIK3CA oncogenic mutations are not associated with strong activation of downstream pathway
v PTEN mutations and homozygous deletions have correlation with downstream pathway activation

v 22% of the PDX models have oncogenic alterations in SHH and/or WNT pathways
v PDX models with PTCH1 mutations have higher EMT score and  SHH gene-set enrichment scores

ONCOGENIC ALTERATIONS IN DNA DAMAGE REPAIR PATHWAYS IN PDX MODELS

v 20% of the PDX models have oncogenic alterations in major DNA damage repair pathways
v Mutational signatures correlate well with clinical history, tumor histologies, mutational and MSI status
v In MSI-H PDX models, mutations in homologous recombination pathways don’t correlate with either LOH

status or relevant mutational signatures

TARGETABLE ALTERATIONS IN DNA DAMAGE REPAIR PATHWAYS IN PDX MODELS

v 11% of PDX models in PDMR may have targetable alterations in DNA damage repair pathway

vPDMR models were queried for biomarkers for a selected set of agents

vThese 9 agents represented activities across multiple signaling pathways

vWe found 28% of the models may have at least one targetable biomarker for one of these agents

For each pathway, oncogenic variants1 of constituent genes2 are shown as oncoprints
Additionally for each pathway, relevant downstream effects and tumor histologies are shown below the 
oncoprint:
§ for RTK and PI3K pathways, enrichment scores of PI3K, MTOR/TSC and RAS/MAPK pathways from RPPA 

data3 are shown as a heatmaps
§ for WNT/b-Catenin and SHH pathways, EMT score from RPPA, EMT, WNT and SHH gene set enrichment 

scores obtained from gene expression data are shown as a heatmaps
§ for DNA damage repair pathways, mutational signature, MSI and LOH status are shown as a heatmaps

VISUALIZATION OF SIGNALING PATHWAY ACTIVATION


